INTRODUCTION
Flail chest is one of the most serious chest injuries which have as the pathoanatomical substrate double or multiple serial rib fractures, while its pathophysiological root is described by paradoxal breathing (Kirsh and Sloan 1977; Glinz, 1978) .
Flail chest therapy is dependant upon the extensiveness of the injury, type of flail, concurrent trauma of chest organs and injuries of other organ systems (Kirndoerfer et al., 1980; Kova~evi} and Donfrid, 1989 ). Many suggestions have been made with regard to the best course of treatment. Some of these have been over time through surgical praxis over-ridden, but still many persist and are in parallel use, as surgeons are still searching for the perfect method (Boetsch and Rehm, 1981; Bühren and Trenz, 2005) . They can be classified as conservative or surgical methods. Among conservative methods the most common are: local and systemic analgesia, bandage immobilization (cingulum), adhesive tape immobilization (hemicingulum), intercostal blocks (Aubart, 1979) , epidural thoracic analgesia (Jonhston and McCaughey, 1980) , extension with skin pincers, subcutaneous and subcostal wire loops, external fixators (Pan, 1993) . In the group of surgical rib osteosynthesis methods the most commonly used are: pericostal stitches (Kessler, 1978) , transthoracal wire stitches (Albreht and Brug, 1979) , transmedullar osteosynthesis with wire needles (Moore, 1975) , internal vertical fixation with Kirschner intermedullary nails (Di Fabio et al., 1995) , metal plates and wire thoracic cerclage (Oyarzun et al., 1998) , metal plates with screws (Bevilacqua et al., 1977) , self supporting plates (Judet, 1973; Labitzke, 1981) , plates with spikes (Vescei et al., 1979) and compressive osteosynthesis with metal plates (AO) (Hellberg et al., 1981; Reber et al., 1993) . For the internal stabilization of flail chest synthetic plastic materials are used, as well. They are applied in different shapes and forms, such as: absorbing plates (Mayberry et al., 2003) and nonabsorbent synthetic resins (Glava{ et al., 2001) .
The introduction of assisted respiration in chest trauma has improved the overall results of treatment (Avery et al., 1956) . Internal pneumatic fixation with a respirator has resulted in a revolutionary decrease in death casualties in the course of treatment of chest trauma. However, during its prolonged use the ventilator has shown a number of setbacks such as: mechanical damage of the lung parenchyma, infections, thrombosis due to relaxation and decubital changes on the trachea (Voggenreiter et al., 1998) . Due to the aforementioned, modern authors tend to fix the chest wall as soon as possible and reduce the time of intubation as a method of internal pneumatic fixation to its minimal required time (Donfrid and Kova~evi}, 1985; Lardinois et al., 2001; Tanaka et al., 2002) .
As there is no ideal or by doctrine accepted therapy treatment of flail chest, in this study the aim was set on dogs as experimental animals in order to apply a new surgical approach to fix unstable flail chest. A stable osteosynthesis was achieved by an "ex tempore" constructed fixative apparatus which matched the morphological characteristics of the ribs, and thus developed the starting point for a new surgical approach applicative for chest trauma in human medicine (Donfrid, 2000) .
MATERIAL AND METHODS
In order to determine the possibility for the application of reinforced polymethylmetacrylate armored with glass fibers on human patients we carried out a study on dogs which are considered adequate experimental animals for this purpose. The experiment was created as two distinctive trials: four dogs as an example of acute patients and six dogs as chronic cases. In the acute trial the most appropriate mode of inducing (under total anesthesia) rib fractures was studied and carried out as three ribs were fractured in two lines, thus flail chest was created. Subsequently the most effective surgical reposition was performed and the fixation of the fragments carried out "ex tempore" with the aid of pre-cast acrylate plates. An original press for modeling and reinforcing the acrylate paste was constructed for the purpose of this trial.
After gaining surgical experience on the acute model a procedure for chronic patients in the experiment was agreed upon. The adopted procedure consisted of the following steps: the quarantined dogs were premedicated and thereof transferred in the surgery room equipped with an imaging X-ray apparatus. The dogs underwent endotracheal anesthesia and were set in the left recumbent position. In the right hemithoracal region the hair was removed and the surgical field disinfected as required by standard surgical procedures. With the aid of a diatherm by circular incision starting from the sternum at the level of the sixth rib, down to the fifth, sixth and seventh rib the skin and muscle tissue were prepared. In two stages, 6-7 cm apart, the ribs above the endothoracical fascia were cut by a Gillis' seesaw in such a fashion that the costal pleura was left intact. Thus, we constructed an experimental flail chest ( Figure 1 ).
The chronic experiment was carried out on a total of 6 mongrel dogs, from 3 to 5 years of age and body mass from 25 to 30 kg. Before and after surgery blood samples were taken for routine analysis (hematology, electrolytes, biochemistry and enzymes). The animals were kept for 90 -136 days and underwent once again the surgical procedure in order to check out the outcome of osteosynthesis and sampling of bone tissue for subsequent studies. The animals were than humanely euthanized by an i.v. injection of 7.45% KCl.
During the surgical procedure the standard vital functions parameters were monitored, as well as blood gas analyses. Chest X-ray imaging was done after the first surgery (in order to check the pleural space, the reposition and osteosynthesis of the ribs) and after the second operation performed in order to remove the acrylate plates.
For pathohistological analysis the following tissues were sampled: heart, lung, kidney, adrenal gland, connective tissue close to the ribs, and rib bone callus close to the site of experimental fractures. Tissue samples were fixed in 10% buffered formalin. They were processed automatically and embedded in paraffin. Following usual rehydration procedures, slices 3-6 mm thick were stained by hematoxylin-eosin and Giemsa procedures. Analysis of stained histological samples and digital photo documentation were done on Olympus Bx41 microscope.
The experiment was performed in University Hospital in Zürich (Switzerland) and Faculty of Veterinary Medicine (Belgrade, Serbia), in accordance to EU Directive 86/609 and the Bologna Declaration (1999) on animal welfare.
RESULTS AND DISCUSSION
The results of our study, the surgical procedures and the technique of acrylate plate modeling are reported in the following details.
The adopted surgical and modeling technique: rib fragments were fixed with an atraumatic wire suture commonly applied for sternotomy closure. With the tip of the needle the periost was closely followed in order to avoid injuries of the pleura, intercostal blood vessels, and nerves. The so placed wire loops were than fixed with pincers, and by retraction the rib fragments were set in an ideal reposition.
In a plastic container an adequate amount of methylmetacrylate monomer was poured (Palacos liquid) and the polymer (Palacos powder) was added up to the point of saturation. The dough is vigorously stirred until it stopped sticking to the sides of the container. The width of the mold in the press is adjusted according to the size of the previously measured ribs. A piece of fiber glass cloth is cut accordingly. Over the press is than placed a plastic sheath which prevents sticking of the polymethylmetacrylate to the walls of the mold and with a spatula a layer of Palacos is spread over the surface (Figure 2) . Thereof, the glass fiber cloth is set and a second layer spread on (Figure 3) . The mold is set in the press and squeezed until all the air bubbles and excess cast is pushed out. In such a way we have obtained a model of the desired shape and size. The plate was than taken out of the mold together with the plastic sheath, while the acrylate mass is still in a plastic state. Modeling of the polymer is possible during the following 3-4 minutes which is sufficient to adapt the plate to the prepared rib.
Acrylate polymerization is accompanied by release of heat. Thermal tissue damage is prevented by pouring cold saline over the plate. Once it gains rigidity it can be separated from the rib. The cast plate is than set back on the rib surface and fixed with previously placed wire loops (one ligature per fragment) (Figure 4) . The chest wall is than closed in the standard manner, with no drainage ( Figure 5) .
Biocompatibility: as it can be seen from the obtained results, besides a precisely established surgical procedure and check ups of respiratory function over a period of 90 to 136 days, the studied tolerance of dogs to the implanted material has shown that not in one case pathological values were recorded (Donfrid, 2000) . Imaging diagnostic procedures, such as x-ray radiography at the beginning and end of the trial had proven a complete chest reconstruction ( Figure  6 a, b) . Pathohystology of the tissue samples (heart, lungs, liver, spleen, kidney and adrenal glands) not in a single patient have displayed negative effects of the implant on the aforementioned organs. Studies carried out on rib bone marrow tissue on the places of the healed fractures (Figure 7 a, b, c, d ) and soft tissues close to the acrylate plates did not show any changes which could be considered pathological. Thus, we can consider that the used acrylate plates represent a very good choice of material to be used for implants.
Polymethylmetacrylate both as a synthetic material for prosthesis fixation and a surgical implant material has shown excellent biocompatibility (Charnley, 1972) . Its more widespread application is limited by its modest mechanical characteristics, specially its weakness during bending. Among the first published studies relative to the improvement of the mechanical characteristics of acrylates used in medicine the trials on reinforcement by metal supporting wires (Usova 1955; Mi{i}, 1968) Our first efforts to strengthen the polymethylmetacrylate with not alkaline glass fibers for dental prosthesis have shown promising results. These models were constructed at the Clinic for Prosthetics at the Faculty of Dental Medicine in Belgrade, and the mechanical tests were preformed at the Institute for Construction Materials in Belgrade (Donfrid, 1980) . The application of strengthened acrylate has been suggested for the manufacturing of missing limbs prosthesis, maxillofacial traumatology, cranioplastic surgery, osteoplastic interventions on long and small bones (Donfrid, 1971; 1980; Donfrid and Kova~evi}, 1984) .
The results of this study show the applicative value of strengthened acrylate plates for rib osteosynthesis in the course of flail chest therapy. The theoretical biocompatibility of the used materials had been proved. As no previous findings relative to the subject have been found in the available literature, this paper can be considered to by an original contribution.
